ABSTRACT Culex erraticus (Dyar & Knab) is a competent vector of Eastern equine encephalitis virus and subtype IC Venezuelan equine encephalitis virus, and both St. Louis encephalitis virus and West Nile virus have been isolated from Þeld-collected specimens. Previous bloodmeal analysis studies have shown this species to be a generalist, feeding on a variety of mammals, birds, reptiles, and amphibians. This behavior can bridge arboviral transmission across different vertebrate groups. Our study examined the host preference of Cx. erraticus at Sonso Lake in Colombia. From July to August 2008, blood-engorged mosquitoes were collected from resting boxes, while vertebrate abundance was determined to calculate host preference. Based on mitochondrial DNA analysis of bloodmeals, birds were the predominant hosts (57.6%), followed by mammals (30.8%), and reptiles (6.7%); 9.5% of the bloodmeals were mixed. The most commonly fed upon species were: limpkin, black-crowned nightheron, striated heron, human, and capybara. Forage ratios showed the least bittern, limpkin, Cocoi heron, striated heron, capybara, and black-crowned night heron were preferred hosts across all vertebrates. Of the available avifauna, the least bittern, limpkin, striated heron, Cocoi heron, and black-crowned night heron were preferred, whereas the bare faced ibis, great egret, snowy egret, and cattle egret were under-used. This study shows that while Cx. erraticus is an opportunistic feeder, using diverse vertebrate hosts in the environment, certain avian species are targeted preferentially for bloodmeals.
Several mosquito species feed on a variety of vertebrates, a behavior that may drive arboviruses into epizootic cycles through infection of incidental hosts (Tempelis et al. 1965 , Kutz 2003 ). The proportion of vectors feeding on various hosts can be determined by identifying host biological material in bloodfed mosquitoes. Host feeding preferences can only be determined when the relative abundance of all possible hosts are known (Manly 2002) . Optimal foraging theory posits that if a preferred host is not available, it may be more proÞtable to feed locally on available hosts (Pyke 1984) . The spatial and temporal abundance of available hosts in relation to host-seeking mosquitoes likely determines mosquito host selectivity on a highly localized scale. The identiÞcation of host biological material (e.g., antibodies, antigens, and DNA) in blood-fed mosquitoes describes the interaction of mosquitoes and their vertebrate hosts in nature, allowing a more precise evaluation of the respective contributions of vectors and hosts in pathogen transmission (Kent 2009 ).
The host preference of Cx. erraticus in Colombia has not been studied. The majority of bloodmeal identiÞcation studies on Cx. erraticus have occurred in the United States (Supp . Table S1 [available online only]). The work of Christensen et al. (1996) in central Panama represents the only study of Cx. erraticus' host feeding patterns in the tropics. However, because of technological limitations, bloodmeal identiÞcation below family level was not possible. The relative abundance of vertebrates was also not determined. Culextransmitted arboviruses have been isolated in Colombia, including WNV, SLE, EEEV, and VEEV, the latter causing large human outbreaks in 1967 (Mattar et al. 2011 , Groot 1964 , Sanmartin et al. 1973 , Daza 1995 . La Reserva Natural Laguna Sonso (Sonso Lake) in the Colombian Cauca Valley is home to several endemic species of birds and regularly hosts numerous migratory species, a number of which are competent arbovirus reservoirs. Introduction and reintroduction of some arboviruses is thought to be facilitated by migratory birds and Sonso Lake may be subject to periodic visits by viremic birds (Hannoun et al. 1972 , Rappole et al. 2006 ). This potential virus source, along with large numbers of Cx. erraticus and its well characterized avifauna make Sonso Lake an optimal site to study host-vector dynamics (Ló pez-Lanú s 2005).
Here we report the host feeding preferences of Cx. erraticus in Sonso Lake, Colombia by comparing the proportion of host species identiÞed by DNA in bloodengorged female mosquitoes with the relative abundance of various vertebrate hosts. SpeciÞcally, we determined whether Cx. erraticus bites vertebrate hosts randomly or nonrandomly with a cross-sectional blood feeding preference study during the nonmigratory season.
Materials and Methods
Study Site. Sonso Lake (3Њ 52Ј47.42Љ N, 76Њ 20Ј43.71 W) is a 2,045 ha regionally protected nature reserve, administered by the regional environmental authority, the Corporació n Autó noma Regional del Valle del Cauca (CVC). This location was designated a nature reserve in 1978 by the CVC, and in 1979 by the World Conservation Monitoring Centre of the United Nations Environmental Program, and is the only protected wetland in the Colombian inter-Andean valleys. It serves as a refuge for several migratory and resident avian species (Ló pez 1999). The Lake is located between two Andean mountain ranges, with the Cauca River running through it, and primarily consists of scrubland and secondary tree growth. The surrounding landscape consists mainly of agriculture, including sugarcane, coffee, bananas, citrus, and avocados. Encroachment from neighboring farms has fragmented the habitat. Over 170 bird species have been recorded there, and at least 34 species of migratory birds stop over. This wetland is one of the few remaining in the Cauca Valley, where otherwise close to 89% of the original wetland area has been converted or drained (Restrepo 1987) . Numerous oxbows and other permanent water sources are Þlled with Eichhornia crassipes Solms (water hyacinth) and Pistia spp. Linnaeus (water lettuce), providing ample mosquito larval habitat. This reserve receives Ϸ45 inches of rain annually, with two distinct rainy seasons from March to May and from September to November. The nearest city to Sonso Lake is Buga, Ϸ5 km to the east. It has an average temperature of 23.2ЊC (73.7ЊF), ranging from 18ЊC (64ЊF) to 32ЊC (89ЊF).
Avian and Mammalian Census. Bird abundance was determined using point transect counts at Sonso Lake over Þve weeks in July and August, 2008 . This method is well-established for counting birds and correlates with bird density (Buckland 2006) . Four transects (AÐD), each 1 km in length, were selected. Each transect had four points, and each point was 250 m apart from its nearest neighbor on the transect. As the Lake was partially ßooded from torrential rains, transects were placed along levees and selected dry areas. We conducted 20 point transect counts, occurring on 8 Ð11 July, 14 Ð18 July, 29 July to 1 August, 4 Ð 8 August, and 26 Ð29 August in 2008. Collections were not performed before this because of ßooded conditions. Counts began just before dawn until each transect was visited. Afternoon counts were taken, but not used in the analysis because birds were less active, vocalized less and tended to ßock during this time (Alldredge et al. 2007 ). The order of points visited was rotated with each sampling period to minimize temporal bias. Counts lasted 10 min for each point and birds were identiÞed visually or by song. Their sex and age (adult or juvenile) were also noted. Absolute counts were made of large mammals (capybaras, cats, cows, dogs, horses, and humans) encountered during avian surveys.
Mosquito Collection and Identification. Mosquito resting boxes (Edman et al. 1968 ) were placed at each avian census point, in addition to Þve additional resting boxes placed within the protected area of Sonso Lake (n ϭ 21). Mosquitoes were collected between 7 and 10 a.m. each morning of the point-transect counts using a modiÞed backpack aspirator. The order of each transect visited was rotated daily to minimize temporal bias and each resting box was visited a total of 20 times, with the exception of those stolen. Mosquitoes were knocked down with dry ice and identiÞed on a chill table at Sonso Lake or Centro Internacional de Entrenamiento e Investigaciones Medicas (CIDEIM) in Cali. Taxonomic keys used were referenced in PecorÕs study of mosquitoes in Iquitos, Peru, and an overview of the subgenus Melanoconion (Pecor 1992 , Pecor et al. 2000 . Reference specimens were available from material identiÞed and collected in Sonso Lake during 2005 and 2006. Mosquitoes were kept on dry ice until they were brought to CIDEIM laboratories in Cali, Colombia, and kept at Ϫ45 or Ϫ80ЊC. Voucher specimens of larval and pupal skins, and pinned male and female adult Cx. erraticus are preserved at CIDEIM in Cali, Colombia.
Virus Assay and Bloodmeal Analysis. IdentiÞed mosquitoes were pooled by collection week and the presence or absence of a bloodmeal. Thoraxes and heads from selected blood fed individuals were also tested. These pools were shipped on dry ice to the Centers for Disease Control and Prevention Division of Vector Borne Diseases in Fort Collins, CO, where each pool was homogenized in 1 ml BA-1(Hanks M-199 salts, 0.05 M Tris, pH 7.6, 1% bovine serum albumin, 0.35 g/L of sodium bicarbonate, 100 U/ml of penicillin, 100 g/ml of streptomycin, 1 g/ml of Fungizone) using a mixer mill (Qiagen, Gaithersburg, MD) at 20 Hz for 5 min, and clariÞed by centrifugation at 10,000 rpm for 3 min. From each homogenate, 0.1 ml was tested for infectious viruses in duplicate by Vero plaque assay (Beaty et al. 1995) . Brießy, the homogenate was inoculated onto a cell monolayer in a 6-well polysterene culture plate (Costar), incubated at 37ЊC, 5% CO 2 for 1 h, then overlaid with 3 ml agarose prepared as a 0.5% solution in culture media. After several days incubation, plaque growth was visualized by staining with neutral red in a second agarose overlay. Cultures were evaluated daily for plaque development for a minimum of 8 d (Shi et al. 2001) .
Bloodfed mosquitoes were separated from unfed females and then graded on a scale of 1Ð 4 (depending on the percentage of abdomen Þlled with blood) by modifying DetinovaÕs gonotrophic age grading scale (Detinova 1962) . Individuals displaying any sign of oogenesis were excluded. Each week 60 bloodfed Cx. erraticus, graded either three or four, were selected for bloodmeal analysis, for a total of 300 Cx. erraticus. Individuals from each resting box were assigned a unique identiÞer and a random number. A sterile razor was used to separate the abdomen from the remainder of the mosquito and care was taken to prevent cross contamination. Each abdomen was placed into a 1.5 ml centrifuge tube and DNA was extracted using DNAzol BD (Molecular Research Center, Cincinnati, OH), following a modiÞed protocol used by Molaei (2006) . DNA pellets were resuspended in nuclease-free water and kept at Ϫ45ЊC until shipped to Tulane University.
Extracted DNA was the template for polymerase chain reaction (PCR) using vertebrate-speciÞc primers (Table 1) . Each sample was initially run with a six primer cocktail speciÞc to the mitochondrial cytochrome c oxidase 1 (COI) gene. This gene fragment was used because there are more COI sequences available than other molecular marker for the birds in Sonso Lake. These primers were tagged with an M-13 leader sequence, amplifying a 648 bp segment (Ivanova et al. 2007) . A 25 l reaction was prepared using 50 pmol of the forward and reverse primer mixes, 2 l of DNA template, and an Invitrogen PCR SuperMix (San Diego, CA). AmpliÞcations were run on a Bio-Rad MyCycler thermocycler (Hercules, CA) following these steps: an initial denaturation at 95ЊC for 5 min, followed by 35 cycles of 94ЊC for 30 s, 55ЊC for 30s, and 72ЊC for 90s. An extension period followed at 72ЊC for 5 min with the product held at 4ЊC afterwards. Amplicons were visualized on 1.5% agarose gels stained with ethidium bromide and run for 60 min at 110V with a 100 bp ladder from Invitrogen as reference. If no amplicon was present, two secondary sets of primers amplifying a cytochrome b gene fragment were used. The BM1 and BM2 primers developed by Meece et al. (2005) amplify a 353 bp segment of cytochrome b. In total, 25 pmol of the forward and reverse primers were added in addition to using the same SuperMix and 2 l of DNA template. Reactions were run on the same Bio-Rad machine with the following ampliÞcation protocol: 5 min at 95ЊC for initial denaturation period, then 36 cycles of 95ЊC for 30 s, 60ЊC for 50 s, and 72ЊC for 40 s followed by 5 min of extension at 72ЊC and held at 4ЊC. The third primer set was developed by Cicero and Johnson to examine vireo taxonomy, but Kent et al. found that it also ampliÞes a fragment of the mammalian cytochrome b gene (508 bp) (Cicero and Johnson 2001, Kent et al. 2009) . A primer concentration of 50 pmol was used in a 25 l reaction of Invitrogen SuperMix and 2 l of DNA template. The ampliÞcation cycle was 5 min at 95ЊC for initial denaturation period, then 36 cycles of 94ЊC for 30 s, 60ЊC for 50 s, and 72ЊC for 40 s followed by 5 min of extension at 72ЊC and held at 4ЊC. PCR products for these secondary reactions underwent gel electrophoresis as described above.
Sequencing and Bloodmeal Identification. Successfully ampliÞed PCR products were puriÞed using PromegaÕs (Madison, WI) Wizard puriÞcation kit, following manufacturerÕs instructions. PuriÞed amplicons (50 g/l) were sent to either Functional Biosciences (Madison, WI) or ACGT Inc (Wheeling, IL) for direct sequencing. Chromatograms were viewed with Chromas (Technelysium Pty Ltd., Tewantin, Queensland, Australia). Sequences were edited with the DNAStar (Madison, WI) LasergeneÕs suite of sequence analysis tools. For COI sequences, the Barcode of Life Data Systems (BOLD) database was used (Ratnasingham and Hebert 2007) . Sequences with Ͼ95% similarity were accepted. The BLAST tool in GenBank was used to determine the origin of cytochrome b sequences. Samples with an E-value Ͻ0.05 and an identity Ͼ50% were the limitations placed on BLAST results (Johnson et al. 2008) . Mixed bloodmeals were resolved through the use of multiple primer sets.
To identify Þve ambiguous bloodmeals, a 511 bp segment of the COI gene from several different groups of bird species in addition to the unknowns was aligned in Mega four using default parameters. A bootstrap consensus tree was constructed from 100,000 replicates using a Neighbor-Joining method (Tamura et al. 2007 ). Determination of Relative Host Abundance and Preference. Total bird counts were used to determine avian abundance. A biomass index was made based on bird count numbers where individuals counted were assigned a weight based on the average mass of the mean male and mean female animal reported from previous studies (Kay et al. 1979 , Dunning 2008 F. G. Stiles, personal communication) . This technique was used by Sigel (2009) in their study of forest fragmentation in Central America (Sigel 2009 ). Mammalian masses for horses, female cows (Cebú strain), humans, dogs, and capybaras were determined using selected literature (Fiorone 1973 , Bongianni 1987 , Ferraz 2005 , Medina 2005 ).
A selection, or forage ratio (w i ) was deÞned as the proportion of host i used (o i ) by the proportion available (p i ) or the proportion of body mass available (p mass ). If the forage ratio (FR) is greater than one, then the host is preferred, while if it is less than one that vertebrate is underutilized. Abundant bird species not identiÞed in bloodmeals were assigned a value of one bloodmeal and the FR was less than the calculated value. This method was previously used in HassanÕs study of avian host preference in Alabama (Hassan et al. 2003) . This is appropriate because it calculates when prevalent vertebrates are not selected as hosts for bloodmeals. For birds not encountered during counts, but found in bloodmeals, a minimum of one individual was added for each collection date. This technique was used for bird species fed on, but not visualized or heard in HamerÕs study of Culex mosquitoes and WNV (Hamer et al. 2009 ).
Following ManlyÕs resource selection index (B i ), the host preference of Cx. erraticus was determined by dividing the selection ratio by the sum of the ratios of the number of different species fed upon (n) (Manly 2002) . The standardized forage ratio (1/n) provides a baseline and any value above this indicates preference. If the number of bloodmeals from host i is Ն Þve samples, these tests are statistically supported. If the sample number is Ͻ 5, then the CIs are merely indicative of the outcome and must be treated with skepticism (Manly 2002) .
The Pearson Chi-squared test and log-likelihood Chi-squared test determine if there is evidence of selection of a particular host. PearsonÕs test is the difference between expected and observed (no selection ϭ 0), while the log-likelihood test looks at the ratios of the expected and observed incidents (no selection ϭ 1), where u i ϭ number of mosquitoes with blood from animal i, u ϩ ϭ total number of bloodmeals, and n ϭ number of different types of animals fed upon. Negative log-likelihood numbers indicate avoidance.
PearsonÕs Chi-squared
The standard error for the 2 value was calculated using the sample bloodmeal proportion (o i ), proportion of animal i in the environment (p i ), and total number of bloodmeals (u ϩ ).
CIs for the 2 results were determined using a Bonferroni adjusted Z value. Instead of using Z ␣/2 with a 95% conÞdence limit, the ␣ was divided by the number of bloodmeal types (n). Statistics were run using GerowÕs Resource Selection Tools software (Gerow 2007) .
Forage ratios and Manly standardized forage ratios for Cx. erraticus were determined on an individual and biomass availability level. This was also done across the following groups: all vertebrates, all birds, within the order Pelecaniformes (including Pelecanidae, Ardeidae, and Threskiornithidae), and within the family Ardeidae. The composition of the order Pelecaniformes was based upon recommendations by the South America ClassiÞcation Committee of the American OrnithologistsÕ Union (Remsen et al. 2011) . tophaga ani). Absolute counts of mammals revealed six species. In total, 1,231 mammals were counted during morning point-transect visits. A concurrent study on capybaras discovered a family of four living in the Lake (adult male, adult female, and two juveniles) (L. A. Neira, personal communication). Though other mammals were present at the site, our study did not include surveys to ascertain their numbers.
Mosquito Collection and Identification. During the course of the study, 20,759 female mosquitoes were collected over 321 resting box trap nights (M ϭ 64.69/ trap night, SD ϭ 37.02). The majority of these specimens were either Cx. erraticus or Culex (Melanoconion) spp. Cx. erraticus is a member of the subgenus Melanoconion and conclusively identiÞed by speciesspeciÞc scale patches on the mesiepimeron, and upper and lower mesepisternum, thus samples lacking this combination of characters were termed Cx. (Melanoconion) spp. (Fig. 1) . Ostensibly, these were Cx. erraticus because a mosquito faunal assessment in 2005 and 2006 only found two other Melanoconion specimens in Sonso Lake. Both Cx. bastigarius (Dyar & Knab) and Cx. theobaldi (Lutz) were identiÞed using genitalia from adult males collected in resting boxes and reared from larvae. This does not conclusively show that no other Melanoconion species are present, but our previous culicid surveys found only these two (I.H.M., unpublished data).
Of the total collection, 6,347 were bloodfed mosquitoes (30.5% of trap collections, M ϭ 20.37/trap night, SD ϭ 16.53). There were eight identiÞable groups, including: Cx. erraticus, Culex (Melanoconion) spp., Culex (Culex) spp., Mansonia pseudotittilans/indubitans, Coquillettidia venezuelensis, Anopheles Arribalzaga group, Uranotaenia lowii, and Wyeomyia spp. (Table 2 ). Cx. erraticus and Culex (Melanoconion) totaled Ϸ95% of all collected bloodfeds (n ϭ 6,080) (Fig.  2) . Engorged individuals were graded and only those with a score of three or four were chosen for host source analysis. In total, 896 Cx. erraticus and 2,711 Cx. (Melanoconion) spp. were graded as either three or four, respectively, averaging 3.15 (SD ϭ 2.84) and 8.45 (SD ϭ 7.72) mosquitoes per trap night over the course of the study.
Virus Assay, Bloodmeal Analysis, and Identification. No viruses were isolated from mosquitoes tested in pools. Vertebrate DNA was ampliÞed from 222 (74.0%) of the 300 blood-fed mosquitoes analyzed. Of these, avian-only bloodmeals comprised 58.1% (n ϭ 129), 28.8% (n ϭ 64) were mammal-only, 2.7% (n ϭ 6) contained only reptile DNA, and 1.8% (n ϭ 4) were unable to be resolved. Mixed-bloodmeals totaled 9.5% (n ϭ 21) of all bloodmeals.
Sequences identiÞed from GenBank and BOLD queries revealed 15 different vertebrate species, including nine birds, Þve mammals, and one reptile. The most commonly identiÞed birds were limpkins (LIMP; Aramus guarauna), black-crowned night herons (BCNH; Nycticorax nycticorax), striated herons (STRH; Butorides striatus), and Cocoi herons (COHE; Ardea cocoi). Less commonly isolated host avian DNA (Table 3) . Several sequences were unable to be resolved, especially those in mixed bloodmeals. The following combinations were identiÞed: birdmammal (n ϭ 5), bird-unknown (6), mammal-mammal (2), mammal-reptile (2), mammal-unknown (2), and reptile-unknown (4). Sequencing both cytochrome b and COI PCR products increased the likelihood of host identiÞcation.
A number of sequence identity queries using BLAST or BOLD did not return a conclusive host for Þve bloodmeal sequences. A phylogram using COI sequences from several bird species and the unknown sequences revealed they were in all likelihood LEBIs. These were most likely the Colombian subspecies (Ixobrychus exilis bogotensis), whose COI sequence is not currently available online (Hilty and Brown 1985) (Fig. 3) .
Relative Host Abundance and Biomass. Available individuals and available biomass for each counted vertebrate species were used to analyze the host preference of Cx. erraticus. Of the 101 bird species counted, eight were fed upon by the mosquitoes tested. The least bittern was not seen during the counts, but Cx. erraticus from week 4 (n ϭ 1) and week 5 (n ϭ 4) contained their blood. These were collected on four different dates, so one individual from each date was added to the vertebrate proportion index to determine a forage ratio based on minimum availability. Across all the birds, only the LIMP and BCNH exceeded the Manly forage ratio. When LEBIs were included, the BCNH and LEBI were preferred hosts. In terms of biomass, the STRH, BCNH, and LIMP were preferred (Table 4 ; Supp. Table S2 [available online only]). A number of birds were abundant in Sonso Lake, but not found in Cx. erraticus bloodmeals, especially GREGs, SNEGs, and CAEGs.
In addition to the 101 bird species, six mammal species were included in our counts, four of which were fed upon by Cx. erraticus (human, capybara, cow, and horse). In terms of individual availability, eight of the species fed upon were preferred as hosts, but only Þve exceeded the MRSI. These were: BCNHs, LIMPs, capybaras, STRHs, and COHEs. When the LEBIs were included, four vertebrates were preferred: LEBIs, BCNHs, LIMPs, and capybaras When the available biomass is examined, cows overwhelm other vertebrates (Ϸ84% of total biomass), but because of the potential underestimation of LEBIs, these birds were the only preferred animal. In the inclusion of the LEBI, only that species was preferred, though this may be an artifact of underestimation (Table 5 ; Supp. Table S3 [available online only]).
Discussion
In our study of Cx. erraticus at the Sonso Lake, Colombia, birds were the most common hosts from bloodmeals, followed by mammals and reptiles. Past studies illustrated that this mosquito will feed on a number of vertebrates, including mammals, birds, reptiles, and amphibians. No overall host selection pattern emerges when comparing previous bloodmeal analysis studies to each other. In several studies, a single host was fed on predominantly, such as dogs in Shelby Co., TN, white-tailed deer in Tennessee, wading birds in Forage ratios (FR) and Manly indices were calculated from point-transect data total numbers and the estimated biomass for each species. A FR Ͼ1 indicates preference, or overusage, of a particular host when equated to individual and biomass availability, while a FR of Ͻ1 indicates no host preference, or an under usage. Manly indices were only calculated for species identiÞed in bloodmeals. a Ͼ0.125 indicates a preferred host amongst vertebrates identiÞed in bloodmeals. Preferred hosts in bold. b Less than Þve bloodmeals were identiÞed for these species, thus the FR are indicative but not statistically supported. Forage ratio statistical signiÞcance is indicated, other wise it is not signiÞcant. *P Ͻ 0.05. **P Ͻ 0.01. ***P Ͻ 0.001.
Florida, and reptiles in the suborder Squamata in Panama (Edman 1979 , Christensen et al. 1996 , Savage et al. 2007 , Cohen et al. 2009 ). This was not seen in our analysis as the mosquitoes tested fed upon a wideranging number of different hosts. Identifying host DNA in blood-fed mosquitoes shows what animals are being fed upon. However, true host preference is unknown if there is no knowledge of host abundance. Coupling bloodmeal analysis with host abundance data, our results show that although Cx. erraticus fed on a variety of animals, it fed preferentially within the avian community on certain bird species. On the ordinal level, this mosquito preferred Pelecaniformes and Gruiformes, while on the familial level, it preferred Aramidae and Ardeidae. Within the family Ardeidae, Cx. erraticus over-used BCNHs, COHEs, and STRHs, herons, while under-using CAEGs, GREGs, and SNEGs. Three previous studies analyzed Cx. erraticus host preference and support its proclivity to feed on birds. In Florida, Cx. erraticus preferred pelecaniform birds, which accounted for 67% of Cx. erraticus bloodmeals even though these birds composed only 10% of the avian community (Edman 1979) . SpeciÞcity of these results was limited to the ordinal level because of assay limitations. Two other studies, one in northeastern Mississippi and the other in Macon County Alabama, support the notion that Cx. erraticus is feeding speciÞcally within the avian community. One found almost 25% of Cx. erraticus bloodmeals originating from yellow-crowned night-herons, which comprised Ͻ1% of the avian community (Hassan et al. 2003) . The second found that 42% of Cx. erraticus bloodmeals were from great blue herons (Pelecaniformes) though these birds were Ͻ1% of the available avifauna (Cupp et al. 2004) . Host body size can also play a role in mosquito host selection (Port 1980) . When these results were adjusted for body mass, great blue herons were not a preferred host. Cx. erraticus at Sonso Lake appear to feed on relatively large birds that forage in aquatic environments at the ground level.
Our research also suggests that infrequently witnessed birds, including LEBIs, COHEs, and BCNHs, may have been preferred as hosts. This may be because of the secretive nature of these birds, especially the LEBI, which caused us to underestimate abundance (Hilty and Brown 1985) . They also reside near mosquito emergence sites and are sit-and-wait predators, making them vulnerable because defensive movements negatively cost feeding success. The preference for aquatic habitat may also explain why capybaras were fed on, but does not account for the number of human bloodmeals. This, however, does not adequately explain why egrets were under-used as hosts. In Sonso Lake, they are abundant, large bodied, and spend the majority of their time around water. In addition to the point counts, birds roosting near one transect were counted at dusk (1800 hours) returning to these communal sites to sleep. Over three nights in August, Ͼ2,000 GREGs, SNEGs, and CAEGs were counted. These also were among the most abundant birds in the counts, totaling 7.8, 6.7, and 5.6% of the bird community, respectively. Thus their numbers were underestimated in the host preference analysis as they foraged outside the Lake. These birds also roosted and slept during peak Cx. erraticus feeding times (1800 to 0000 hours) (Love 1963) . One obvious difference between the egrets and the other wading (Gjullin 1947) . This idea does not explain the lack of host preference for BFIBs, which have black feathers. The preferred avifauna was also nocturnally active, which perhaps coincided with the peak activity period of Cx. erraticus.
The bloodmeal results may, in part, be a product of trap placement. If these are close to quiescent birds, one may have a higher proportion of bloodfeds from that species. Of the 49 bloodmeals from LIMPs, 12 (24.5%) came from one trap. Eastern equine encephalitis cycles enzootically, where transmission occurs between local birds and vectors, occasionally infecting incidental hosts through bridge vectors. It is thought that the speciÞcity of Cx. erraticusÕ host preference within the bird community make it a candidate as a EEEV maintenance vector (Cupp et al. 2004 ). In addition, during 2009 in New Jersey, 12 pools of Cx. erraticus (75 individuals per pool) tested positive for EEEV (A. Bilgrami, personal communication) . Movement of infected birds into and from Sonso Lake may provide a means for arboviral dispersion; however the timing of our study precluded the evaluation of certain migratory birds. A long-term study in Alabama on the ecology of EEEV indicates that Cx. erraticus feed primarily on avian hosts early in the season, but then switches to mammals toward the end of summer indicating that this species may play a role in EEEV enzootic and potentially epizootic cycling (Oliveira et al. 2011) .
The DNA of nine species of birds, Þve species of mammals and one species of reptile were isolated from blood-engorged Cx. erraticus. Mixed bloodmeals where both hosts were identiÞed used two sets of primers, but interestingly, the COI primer set was not able to efÞciently amplify capybara or human DNA. Only 10 of the 42 (23.8%) human PCR-positives were ampliÞed with the COI primers, while none of the 22 capybara samples were. The coverage of multiple primer sets targeting different genes may increase the sensitivity of bloodmeal analysis studies. Four mosquitoes fed on common opossums, but as we were not surveying nocturnal animals, these were not included in the host preference index. Iguanas were occasionally seen, usually resting on the vegetation in the oxbows at Sonso Lake, making abundance estimates difÞcult. Five of the 12 (41.7%) iguana bloodmeals were mixed, perhaps indicating that an iguanaÕs defensive behavior prohibits blood feeding to repletion.
Point count estimates may bias toward recording large and showy animals in some instances (Buckland 2006) . The absence of LEBIs from counts probably biased foraging ratios and Manly standardized ratios by underestimating their actual numbers and biomass. When LEBIs were removed from testing, the forage ratio for other vertebrates increased. The issue of counting bias clearly complicates understanding actual host preference and is a limiting factor in this study. To overcome this issue, we recommend using sites where the resident bird species are known and broadcasting calls to quantify cryptic bird species that may or may not be fed upon. This technique has proven effective for LEBIs in Florida (Nadeau et al. 2008) .
In summary, Cx. erraticus at Sonso Lake are opportunistic feeders that preferentially feed on certain species of birds. Interestingly, these birds are primarily nocturnal and active during the peak questing hours of Cx. erraticus. Although avian species were the predominant source of blood for the mosquitoes in the study, humans were the second most common animal fed upon. These mosquitoes also fed on cows, opossums, a horse, and several iguanas. Within the avian community, Cx. erraticus appears to be a specialist. This species is feeding on a particular set of birds, some of which are known arbovirus reservoirs. These Þndings could be generalized to other wetlands in Central and South America as the diversity and abundance of host populations may be similar. This project, when compared with past studies, also illustrates the difÞculty generalizing host preference across large geographic scales. In terms of other tropical nonwetland locations, it may be difÞcult to apply these Þndings because previous bloodmeal analyses show this species feeding on a variety of hosts though the primary preferred avifauna would most likely be present. Our study demonstrates that even when host abundance data are known, there are still knowledge gaps that make it difÞcult to discern a mosquitoÕs host preference. Future such studies should be aware of cryptic hosts, such as the LEBI, that may inßuence forage ratios.
